Dacryocystography has been used for a number of years to detect anatomical abnormalities of the lacrimal excretory system (Milder and Demorest, 1954) . Iodized oil is injected by cannulation of the system and a radiograph taken. This method has had several modifications, to delineate more precisely the anatomical structures. Distension of the system (Iba and Hanafee, I 968) , by injecting the contrast through a catheter, markedly decreases the pressure of injection, thus being more physiological, and, by taking radiographs while the system is distended, allows the anatomy to be better seen. The technique of macrography (Campbell, I964) produces enlargment of the image, and a better view of structure. By performing subtraction studies with distension and macrography (Lloyd, 1973; Lloyd and Welham, the function of the system (Street and Howell, I967; Trokel and Potter, I972) but requires elaborate equipment and our experience with it has not been rewarding.
Some workers have instilled radio-opaque substances into the conjunctival sac (Epstein, 196I; Koszczynski and Nowicka, I968) and performed serial radiography (Raynaud, Perdriel, Sais, and Martin, I964). We have devised a system whereby ultra-fluid Lipiodol is instilled into the conjunctival sac, macro-radiographs are taken to determine physiology, and then intubation distension macrodacryocystography, with or without subtraction, is used to determine the anatomy.
Material and methods
One hundred lacrimal systems were studied in 5 I patients with lacrimal problems. History and physical findings were documented for every patient to determine which were 'normal systems' (history and physical examination negative). An upright postero-anterior control film in the Waters' position is first taken. Then two drops of ultra-fluid Lipiodol are simultaneously placed in each palpebral aperture. No local anaesthetic is necessary. The patient is in the upright position. We found that films taken 3, I5, and 30 min after instilling the contrast gave the most useful information. The macro-radiographic technique is used. With a co-operative patient and a head-fixation device, subtraction studies may be done if desired. After the 30 min film, the patient is placed on the x-ray table and macro-dacryocystography performed.
Results
Of the IOO lacrimal systems examined in 51 patients, we classed I 6 of these as normal by virtue of negative history and physical examination. The others consisted of i8 common canalicular occlusions, 14 common canalicular stenoses, 6 incomplete sac obstructions, I8 complete sac obstructions, 4 naso-lacrimal duct stenoses, and 2 complete naso-lacrimal duct obstructions. Fourteen had upper 'functional blocks' and 7 had lower 'functional blocks' (Table I) . One Of the 38 patients in this group, there were I8 blocks located at the level of the common canaliculus, i8 sac obstructions, and 2 whose obstruction was situated in the naso-lacrimal duct.
In none ofthe patients whose obstructions lay above the naso-lacrimal duct, did contrast enter any part of the system.
Incomplete anatomical occlusions (stenoses)
These symptomatic patients have lacrimal systems which are patent to syringing, but dacryocystography shows stenosis in some part of the system. Of the 24 systems in this series, 14 had common canalicular stenosis, 6 had sac stenosis, and 4 had stenosis of the naso-lacrimal duct. The functional tests need to be interpreted in association with the dacryocystogram so as not to confuse these cases with purely functional abnormalities.
Results are shown in Table III . In only II of the 24 cases did any contrast enter the system. In these cases, there was no progress of the contrast beyond the sac, and in no patient did it reach the duct. patient had a functioning dacryocystorhinostomy. There were no adverse reactions to the medium used.
Radiography in functional lacrimal testing. I 325 (orbicularis-puncta-canaliculi). In the second type, the dysfunction is located in the lower part of the system (sac-duct-inferior meatus). The results are shown in Table IV . There were 7 lower and 14 upper functional abnormalities. Upper dysfunction occurs more often in older patients (average age 57), than in those with lower dysfunctions (average age 49). Upper dysfunction has a high incidence of bilaterality (I2 of 14), and none had an anatomical abnormality on the opposite side. In lower dysfunction 5 of the 7 cases had an anatomical abnormality on the opposite side. These findings of bilaterality and increasing incidence with age support the theory of decreasing Left system is empty, indicating normalfunction efficiency of the lacrimal pump because of weakening of the orbicularis with age (Jones 1957; Worst 197 I) . (Milder, 1971) , and in normal eyes the 30 min film should show the complete system from injection to emptying (Milder and Demorest, 1954) . After the injection of contrast medium (Demorest and Milder, I955) , follow-up radiographs have helped to show up 'functional blocks'. These were cases patent to syringing, with normal cannulationtype dacryocystographs, where there was a delay in transit into the nose as seen on a 30 min follow-up film. 25 to 30 per cent of patients were stated to have 'functional blocks'. We feel that with improved methods of dacryocystography, many of these patients would be shown to have had anatomical abnormalities, and would not be true cases of physiological dysfunction. In addition the determination offunction
II. Angiographin
In Part I we described the procedure for following by means of serial macro-radiography the progress through the lacrimal passages of a non-viscous oily medium instilled into the conjunctival sac. Although after injection appraises only the lower part of the system. The method described separates upper from lower functional abnormalities.
It is important to distinguish these cases. Cases of lower functional abnormality ought to do well with dacryocystorhinostomy, whereas this operation would not be expected to help an upper dysfunction. In the latter the treatment would consist of bypassing the system by means of an artificial tear passageway.
In a patient with stenosis, where the progress of contrast is delayed, the development of epiphora depends on other factors, such as tear secretion and the efficiency of the lacrimal pump.
The use of an oily medium, although more viscous, is useful in differentiating normal from abnormal systems.
In all normal patients, the contrast medium entered the system and only in pathological cases with epiphora did it fail to enter. Macrography aids markedly in visualization of the contrast. Postero-anterior views decrease the radiation dose to the lens.
Summary
Functional dacryocystography and intubation macrodacryocystography used together are valuable in assessing the anatomy and function of the lacrimal drainage apparatus. this test separated 'normals' from 'abnormals' and helped to define and categorize 'functional abnormalities' of the lacrimal system, the medium used had a higher viscosity than tears (25 centipoises). There-fore, we decided to use a water-soluble medium of low viscosity in this second procedure.
Water-soluble contrast media have been used before for classical cannulation dacryocystography isopaque (Aarhus and Bergaust, I969), renographin (Sargent and Ebersole, I968) , urographin (Bartolome 1972) , and other agents (Priegnitz, I966) . Others have used urographin instilled into the conjunctival sac in conjunction with cine-dacryocystography (Epstein, I96I) , and also with cannulation dacryocystography (Koszczynski and Nowicka, I968) .
Part II relates a method for assessing the function and anatomy of the lacrimal excretory system using a water-soluble contrast medium. Angiographin (Schering) is used in functional dacryocystography, followed by dacryocystography using ultra-fluid Lipiodol (May and Baker) as described by Lloyd (1973)- Material and methods Several patients with epiphora attending for daciyocystography had functional studies performed. Various watersoluble contrast media were instilled into the conjunctival sacs and their progress followed through the lacrimal system by serial radiography. Angiographin was found to be the most suitable, as it cornbined a low viscosity, high iodine concentration, and low incidence of ocular irritation. The patient is placed in an upright position and a control film is taken. A postero-anterior position is used to decrease the radiation dosage to the lens. Two drops of contrast are instilled into each conjunctival sac, and a series of films taken. It was found that films taken at 30 and go s provided the most useful clinical information. With a co-operative patient and a head-fixation device, subtraction films may also be obtained. Immediately following this functional DCG, the patient is placed on the table and has an intubation macro-dacryocystography using ultrafluid Lipiodol (Lloyd, 1973) . Twenty-five patients (50 lacrimal systems) were studied in this way.
Results
Of the fifty lacrimal systems studied, thirteen were classed as 'normals', by virtue of their being completely asymptomatic (Table V) . The results may be Of the systems with anatomical abnormalities (Table VI) eight had sac obstructions, one had an incomplete sac obstruction, four had common canalicular stenosis, nine had common canalicular obstruction, and one had a calculus of the sac. In none of these cases did contrast enter the system. In six systems there was gross punctal and/or canalicular obstruction present. Functional tests were done but again no contrast entered the system. Two systems with lower canalicular disease (one post-traumatic and one post-inflamniatory) showed contrast entry. The post-traumatic case had contrast in the sac at 30 s, which progressed down the sac in go s. The postinflammatory case had contrast in the sac at 30 s and in the duct at go s. These two cases presumably had some flow through the patent upper canaliculus.
Six systems of patients with epiphora had normal intubation dacryocystograms, but of these five had negative functional tests indicating a functional disturbance at the 'upper end' (lids-punctumcanaliculus) of the system. In the remaining case contrast was present in the sac at 30 s but this showed no progression in the go s film, indicating a 'lower end dysfunction' (sac-duct). Examples of angiographin dacryocystograms may be seen in Figs 6 to 9. Discussion Angiographin was found to be the most suitable water-soluble medium. It is composed solely of meglumine diatrizoate, in a 65 per cent solution. It does not contain a sodium salt which can escape into the tissues to cause toxic and irritant reactions (Sargent and Ebersole, I968). It has a relatively high iodine content of 306 mg/ml. The diatrizoate salt was preferred to the other two salts used as contrast agents, namely those of iothalamic and metrizoic acid, as it is considerably less soluble (Grainger, I969) . Its viscosity is 5-I centipoises at 37°C which is within the normal range for tears. The viscosity of tears is between I3I2 to 5-875 centipoises, (mean 2-9I6) Schuller, Young, and Hill, I972. Conray 280 (4 centipoises) at 37°C with a lower viscosity was also tried but because of a lower iodine content (280 mg/ ml), it was not as easy to see.
The first film has to be taken speedily, as there is a movement oftears toward the sac with a blink (Maurice, I973). Using this material, which is diluted by tears, it was not possible to demonstrate radiologically the contrast in the pharynx. The flow time of watersoluble contrast injected into the sac was 15 to 30 s for Sinografin (Sargent and Ebersole, I968) . Interpretation of the angiographin functional test is greatly assisted by macrography.
Although functional testing with angiographin is a simple test and less time-consuming than using ultrafluid Lipiodol, it is harder to see the contrast in the system. The test does help to distinguish normal from abnormal cases in most instances. An irritant conjunctivitis was seen in some of the patients tested.
For the above reasons we prefer to use ultra-fluid Lipiodol in functional testing. Summary A functional study of the lacrimal drainage apparatus was made in 25 patients. Angiographin was instilled into the conjunctival sac and serial radiographs were taken. The films were interpreted in conjunction with the intubation macro-dacryocystograms. Although this is a useful procedure, the use of angiographin compares unfavourably with ultra-fluid Lipiodol in a similar procedure.
